The laparoscopic approach to appendectomy surgery led to various appendiceal ligation methods; however, the ideal technique for appendiceal stump closure has yet to be determined. This study is a comparison of intracorporeal knotting (IK) and Endoloop (Ethicon, Inc., Somerville, NJ, USA) (EL) techniques for appendiceal stump closure during laparoscopic appendectomy (LA) surgery.
Introduction
Different methods exist for the ligation of the appendiceal stump during laparoscopic appendectomy (LA). These methods include stapler, metal clip, Hem-o-lok clip, endoloop (EL), and intracorporeal knotting (IK). [1] Although there are many studies comparing these different techniques among themselves, there is no consensus on the ideal method yet.
In this study, we aimed to compare the IK and EL methods for appendiceal stump ligation during LA surgery.
Materials and Methods
Between June 2013-June 2018, all LAs performed by two surgeons were retrieved retrospectively. Only IK and EL techniques for ligation of the appendiceal stump were included to the study. Appendectomy operations performed with linear staplers were excluded. Patients were divided into two groups (IK and EL groups). Stump closure methods were chosen on the discretion of surgeon. Signed informed consent was obtained from all patients.
The patients' demographics (age, gender, BMI (body mass index), ASA score) were retrieved from patients' files. Variables including operation time, drain use, and length of hospital stay were recorded. The patients were called for a follow-up visit at 1 week postoperatively. Early (<30 days) postoperative complications were included in the study.
Surgical technique
All patients were administered intravenous 2nd generation Cephalosporin antibiotic, 30 min before the incision, for prophylaxis. A urinary catheter was inserted routinely and removed before awakening of the patient. The operation was performed through three ports. The pneumoperitoneum was established through inferior umbilical incision. In patients without previous abdominal operation, a Veress needle was utilized to enter the abdomen. In patients with previous abdominal operations or in pregnant patients, open Hasson technique was utilized to enter the abdomen. Intraabdominal pressure was adjusted to 12 mmHg. A 10 mm trocar was inserted from the umbilical incision. A 30-degree scope was inserted through this trocar. The 2 nd trocar was placed from the left lower abdominal quadrant. This trocar was either 5 mm or 10 mm, depending on the surgeon's choice. The 3 rd 5 mm trocar was inserted from the suprapubic area, paying attention to the urinary bladder.
The patients were given a slight Trendelenburg position with slight left tilt. Following dissection of the mesoappendix, the base of the appendix was prepared for ligation. In patients, to whom EL (Vicryl Endoloop Ligature, J&J medical devices) technique was performed, a single EL was placed to the appendiceal base and tied properly (Fig. 1 ). The appendix was transected distal to the tie with a Ligasure (LigaSure Vessel Sealing System, Valleylab, Boulder, CO).
In patients to whom IK was performed, a Vicryl (Ethicon, Johnson&Johnson Medical devices) No: 2/0, 75 cm suture was utilized. Firstly, the suture was inserted through the left abdominal trocar and looped around the appendiceal base and pulled out through the same trocar. A sliding knot was made extracorporeally and pushed towards the appendiceal base with a laparoscopic dissector ( Fig. 2 ). When the base of the appendix was reached, the knot was secured with one end of the suture in a hand extracorporeally and the other end intracorporeally with a laparoscopic dissector. The redundant ends of the suture were shortened and 2 nd and 3 rd knots were done intracorporeally. Appendiceal transection was performed distal to this suture with a Ligasure. The specimen was extracted within an endobag in both of the techniques through the umbilical trocar-site. Fascial defects of 10 mm trocars were sutured with No:1 Vicryl (Ethicon, Johnson&Johnson international). A drain was placed according to the intraabdominal findings and surgeon's discretion. All patients but one, had their drains removed before discharge. One patient with liver cirrhosis was discharged with his drain and had his drain removed 2 weeks postoperatively.
At postoperative 6 th hour, patients were given a normal diet and discharged the day after operation.
Statistical analysis
In the evaluation of the data, number (n), percentage, mean, and standard deviation were used as descriptive statistics. The suitability of the variables to normal distribution was evaluated by Kolmogorov Smirnov test. Student-t test or Mann-Whitney U test were used for paired group comparisons; chi-square test or Fisher exact test were used for the comparison of qualitative data. The analyzes were performed using Epi Info Version 3.5.4 and p<0.05 was considered statistically significant.
Results
A total of 129 patients were included to the study. During the study period, two patients underwent stapler appendectomy operations. These patients had inflamed appendiceal bases, therefore the appendectomies were performed at the cecal level with linear stapler transections.
There were 65 male and 64 female patients. Comparisons of the groups were listed in Table 1 . There was no statistically significant difference between the groups regarding gender, age, BMI, and ASA score. In the IK group, there were two patients one having 20 wks. and the other having 12 wks. of pregnancy. Regarding operation times, mean durations in the IK group were slightly longer than the EL group, but the difference was not statistically significant (48.46±23.85 vs. 45.36±22.28, p=0.459). Drains were placed in 3 patients in IK group and 5 patients in EL group (p=1.000). Due to liver cirrhosis and ascites drainage, the drain was removed 2 wks. postoperatively in one of the patients in the EL group. Length of hospital stay was similar between the groups (1.17±0.38 vs. 1.23±0.53, p=0.480). Considering complications, the difference between groups was not statistically significant (p=1.000). In the EL group, on the postoperative 1st week, a collection in the appendiceal bed was seen. Percutaneous aspiration was performed and intravenous antibiotherapy was started electively. Patient recovered uneventfully, without a need for drain placement. Other complications were minor wound problems. There was no mortality.
Discussion
According to the results of this study, the IK technique was as safe and feasible as the EL technique for the ligation of the appendiceal stump. Although statistically insignificant, the operation times were 3 min longer in the IK technique than the EL technique. Some of the techniques for ligation of the appendiceal stump during LA include staplers, metal clips, Hem-o-lok clips (Weck ® ), EL, and IK. One of the most important factors in choosing among these methods is cost. Regarding the cost, metal clips, Hem-o-lok clips, and IK seem more advantageous over the staplers and ELs. [1] [2] [3] [4] [5] [6] [7] [8] [9] In this study, due to our habit, for ligation of the appendiceal stump we used Vicryl (Ethicon ® ) No: 2/0, 75 cm suture. To reduce the cost, silk sutures could also be used as reported by Bozkurt et al. [3] In addition, to reduce the cost further, use of glove endobags for specimen retrieval were also suggested. [10] A study similar to the present one was reported by Bali et al. [4] They reported statistically significantly longer operation times in the IK group than the EL group. The difference was 5 min. There were no differences regarding complications and length of hospital stays.
The postoperative infectious complications after appendectomy were reported to be influenced by the grade of appendicitis. [11] Based on this information, Gonenc and colleagues [2] compared the IK and metal clipping techniques for the ligation of the appendiceal stump, in only non-complicated appendicitis patients. Operation time in the IK group was 15 min longer than the metal clipping group with statistical significance. Complication rates and length of hospital stays were similar between the groups.
Differing from the IK in this study, some studies reported invaginating purse string suturing techniques for the appendiceal stump. [8, 12] We believe that, this method, which looks like the continuation of habits in open appendectomy technique, decreased with laparoscopic approach. Strzałka et al. [8] compared endoscopic staplers, titanium clips, and invaginating suture techniques and reported that invaginating sutures resulted with longer length of hospital stays, longer operation times, and higher complication rates compared to other methods.
Delibegovic and colleagues compared Hem-o-lok and EL techniques. [5] They utilized two clips or two ELs for the ligation of the appendiceal stump. In our technique, we utilized a single EL or IK for appendiceal ligation. In daily practice, techniques differ depending on the surgical schools. As well as distal to double sutures, some appendix transections are performed distal to a single suture or a single clip. Similarly, together with appendiceal transections between clips, like in this study, transections with Ligasure are also widely used. Comparisons of these different methods may be the subject of further studies.
In Hem-o-lok technique, the length of the clip limits the maximal diameter of an appendiceal stump to be clipped. [8] In wider appendiceal base diameters, application of this clip is limited. To reduce the diameter, firstly application of an intracorporeal suture, then application of a Hem-o-lok clip was described. [12] Similarly, appendiceal diameter could also cause some difficulties during metal clipping. Alis et al. [1] described 'cross-clipping' method in cases where the appendiceal base is larger than the clip size. In another study, special titanium clips allowed ligation of appendix bases of up to 20 mm in diameter, however for the application of these clips, trocars with diameter of 12.5-13 mm were needed. [8] Likewise, same diameter of trocars is also needed for stapler application and this condition poses disadvantage against 10-11 mm trocars needed for Hem-o-lok clip or titanium clip applications. Wilson et al., [13] compared EL and Hem-o-lok clipping techniques in LA, and reported that Hem-o-lok clipping had shorter operation times and lower cost.
In a randomized study, Hem-o-lok clipping and clipping with absorbable polymer clips (Lapro-clip [Covidien, NC, USA]) were reported to have similar complication rates. [14] In that study, stumps were ligated with one or two clips, depending on the surgeon's discretion. There were no differences among patients with one or two clips. The polymer clips used in that study were reported to be absorbed in 90 days, however were more expensive than Hem-o-lok clips.
Shadhu et al. [12] reported that, in the IK method, patients were hospitalized for a longer period of time and had higher rates of drainage. The reason was attributed to the low confidence of surgeons about the safety of the knotting.
It could be assumed that, IK application is proportional to the surgeon's experience. From that point of view, IK technique may provide medium to increase surgeons' skills. [2, 4] Gonenc et al., [2] suggested experienced surgeons to accompany the inexperienced surgeons during their first 10-15 LAs.
One of the most important disadvantages of the IK technique may be the difficulty of application compared to other techniques. This technique requires laparoscopic knotting skills and experience in feeling the tension of the knots on the tissues.
One of the factors that is effective in the preference of ligation of the appendiceal stump is the ease of application. Techniques that can be applied automatically can therefore be preferred over manual techniques.
Additional point of attention in EL method is that the EL knot can be stacked to the surrounding small intestinal serosa and meso during application. In this case, it is not possible to loosen the knot of the EL, so additional ELs may be needed. However, in the IK method, it is possible to loosen the knot and remove the intervening tissues and tighten the knot again.
The ideal appendix stump closure during LA surgery has not yet been described. From an ideal appendix stump closure method, it can be expected to have the least possible complication rates, should be easily accessible, inexpensive and easily applicable.
One of the limitations of our study was its retrospective nature. Therefore, some data loss and patient losses in the postoperative follow-up cannot be prevented. A similar study with prospective randomized design may provide further information.
According to the results of this study, the IK method can be recommended instead of the EL method, due to its low cost and ease of accessibility. Another advantage of the IK method is that it eliminates dependence on commercial products such as EL. In addition, the IK method may be useful in preparing surgeons for advanced laparoscopic procedures.
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